The human major histocompatibility complex (MHC) class I chain-related gene A (MICA) has a high degree of genetic diversity. Several methods have been used in MICA typing. Recent studies reported different results for the same reference cell lines typed by different methods. By searching the GenBank, we found an indel polymorphism in MICA intron 1 corresponding to the area where one of the sequencing-based typing primers used by others is located. We investigated this polymorphism in 43 reference samples by primer cycle sequencing. This approach revealed three haplotype-specific patterns of polymorphisms in intron 1. This study provided evidence that one of the primers commonly used in MICA typing may fail to amplify both alleles in certain heterozygous combinations. Our data showed a correlation between the three patterns in MICA intron 1 and exon 5 short tandem repeat (STR) alleles. Being neutral ones, the intron 1 and STR polymorphisms appeared to mark the ancestral lineages better than the coding region polymorphisms.
Introduction
MHC class I polypeptide-related sequence (MIC) genes represent a second lineage of mammalian MHC class I genes. 1 The MICA (MHC class I chain-related gene A) (MICA; Locus ID: 4276) gene is highly polymorphic and has a unique pattern of tissue expression. 2, 3 Although MICA protein is MHC class I related, it does not associate with beta-2-microglobulin; it may function as a stress-induced antigen that is broadly recognized by intestinal epithelial gd T cells and as a ligand for cells expressing the activating natural killer-cell receptor NKG2D. 3 The involvement of MICA molecules in tumor immunology and in the immune response to viral infections and to allografts has recently been suggested. [4] [5] [6] [7] [8] The most recent HLA Nomenclature Committee Report includes 56 MICA alleles (Marsh et al 9 and Anthony Nolan Trust, HLA Informatics Group website: http://www.anthonynolan.com/HIG/lists/otherlist.html). This high degree of polymorphism creates a challenge for genotyping similar to that faced with HLA genes. Methods for genotyping include PCR-SSP, SSOP, RSCA, [10] [11] [12] [13] [14] [15] along with sequencing-based typing (SBT) usually considered definitive. 2, [16] [17] [18] [19] Results have differed for the same reference cell lines typed by alternative methods. As examples, the cell line WJR076 was typed as *017 by SBT 2 and PCR-SSP, 12 but also reported as *031. 20 The International Histocompatibility Working Group (IHWG) Cell and Gene Bank Reference Panel (http:// www.ihwg.org/shared/cbankover.htm) reports the MICA type of this cell line as heterozygous for *00201/ *017. The cell line LBF has been reported as displaying MICA type *011 when typed by SBT, 2 but as *00801 by other methods including RSCA. Whether these discrepancies reflect actual allele differences produced by different methods or merely reporting errors is not clear. In our own MICA typing by IHWG-recognized SBT, 16 we examined all conserved extended haplotypes (CEH). The panel included the cell line WHONP192 (IHW 9140), which had previously been designated heterozygous for CEH 46.1 and 54.1, containing MICA alleles *010 and *01201, respectively. However, our exon 2 sequencing showed a homozygous pattern for allele *010. Upon further scrutiny of those GenBank intron 1 genomic sequences that correspond to the forward primer sequence for exon 2 SBT typing, we found a number of patterns whose alignment suggested an indel polymorphism ( Figure 1 ).
MICA introns 2 and 3 had previously been sequenced mainly to refine MICA allelic assignments, but there is no information on intron 1 sequences. 21 There is already evidence for polymorphism among GenBank entries for this gene; one indel polymorphism is potentially important in the function of forward primers commonly used for exon 2 sequencing. We, therefore, undertook systematic sequencing of intron 1 in reference cell lines representing most of the CEHs.
Results and discussion
We observed the three intron 1 sequence patterns expected from the sequences available in GenBank (Web Figure A, see Supplementary Information). The findings for all CEHs (Table 1) suggested that the primers used by the IHWG, Katsuyama et al and Obuchi et al may fail to amplify both alleles when present in certain heterozygous combinations, because of competition for the sequences that match fully and partially to the forward primer used. The primers used by those other investigators will fully match the MICA intron 1 sequences only if they include pattern 3, but only partially match the others. This may result in failure to amplify alleles with patterns 1 and 2. This discrepancy was observed during our own efforts to type reference cell lines using the primers described previously. 16 The cell line WHONP192, which is heterozygous for CEH 46.1 and 54.1, showed an unexpected homozygous pattern in exon 2, but was heterozygous in exons 3 and 4 (not shown). Sequencing of MICA intron 1 in the cell lines T7526/WHONP439 and KT3 predicted this result because CEH 46.1 has pattern 1 sequence in intron 1, while CEH 54.1 has pattern 3. We redesigned the forward exon 2 SBT primer and were able to amplify both MICA exon 2 fragments in WHONP192. This new primer (5 0 -CAC CTG TGA TTT CCT CTT CCC CAG AGC) corresponds to sequence lying between nucleotide positions 6926 and 6952 in the reference MICA sequence (GI:1405892). The exon 2 forward primers used by others 2, 17, 18 are also outside the polymorphic region in intron 1.
Interestingly, the MICA intron 1 sequence patterns showed an association with exon 5 short tandem repeat (STR) alleles (Table 1 ). All CEHs with intron 1 sequence pattern 2 had the STR allele A6, while those with pattern 1 had STR allele A5 or A5.1. There was, however, no relation to exon 2-4 polymorphisms or to HLA-B types. Thus, two neutral polymorphisms in the initial intron are associated with two in the final exon, but polymorphisms in the intervening coding region have developed independently. This finding agrees with the demonstration of balancing selection for functional MICA polymorphisms. 22, 23 Several lines of evidence suggest that the haplotypes bearing pattern 3 of intron 1 sequence represent the ancestral lineage. This pattern is shared by the common chimpanzee gene (GI:2317763), by MICB (GI:27544409) and the pseudogene MICE (GI:33300640). While the examples of patterns 1 and 2 all have unique exon 5 STR polymorphisms, haplotypes with intron 1 pattern 3 include a heterogeneous group of exon 5 alleles. A practical implication of these findings is that the three patterns described here in intron 1 in conjunction with the STR polymorphisms in exon 5 mark ancestral lineages better than the coding region polymorphisms.
Our findings exemplify the influence of DNA polymorphisms on the performance of a primer in both PCR and/or sequencing reactions for detecting those polymorphisms. This concern should diminish as data in GenBank increase. The intron 1 polymorphisms appeared to cluster the MICA allelic lineages into three groups, but offered no advantage over the exon 5 STR polymorphism in distinguishing MICA alleles that share the same coding region polymorphisms. The design of primers for any method of MICA typing should take into account possible polymorphisms in the introns, exons 2-4 and exon 5 STR. and ECACC and IMGT/HLA Cell Bank). CEH assignments were made according to the latest update. 26 One sample derived not from a cell line but from an anonymous subject carrying CEH 37.1 (homozygous for B*37-DRB1*10); it was kindly provided by Dr Myoung Park (Seoul National University College of Medicine, Korea). Of the samples sequenced, 40 represented 36 CEHs (Table 1) .
Material and methods

Cell lines
Primer cycle sequencing
We used primer cycle sequencing to screen 43 samples. We first amplified the whole MICA gene fragment (2001 bp) using the primers originally described by (nucleotides 8996-9019). These new primers have MICAspecific 3 0 -end nucleotides. PCR products were purified using spin columns (Ultrafree-MC Centrifugal Filter Units, Millipore, Billerica, MA, USA) to remove excess primers and dNTPs, and subjected to cycle sequencing MICA intron 1 and HLA haplotypes W Shao et al using the Cy5-labelled forward sequencing primer: MICINT1F 5 0 -Cy5-GAA GAC TGT GGG GCT CTG G-3 0 . This primer spans the exon 1/intron 1 junction; last three nucleotides are in intron 1. The sequencing reactions were performed using Thermo Sequenase Primer Cycle Sequencing Kit (Amersham Biosciences Corp, Piscataway, NJ, USA). The amount of primer in the reaction was 2 pmol and the total reaction volume was 6 ml. The termination reactions were run in the DNA thermal cycler (MJ Research Inc., Waltham, MA, USA) for 20 cycles in the following thermal profile: 30 s at 951C, 30 s at 57.51C and 1 min at 721C. The reactions were loaded on ALFexpress II DNA Analysis System (Amersham Biosciences Corp, Piscataway, NJ, USA). Electropherograms were analyzed manually.
